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‘J’his  paper discusses the design,  and irll~llcrtlelltatiorl  of a nliniaturimi  electronic systcm  fm the }’lanctary
ll~tcg,[atc(lC  ~aI]]c[a-S~Jcctrc)  IllctcI(l’ICS).  "J`llcl'I<~S  clectlotlicsC  icIllcJllst[atcst  llca]J~>licatic  JI]ofl'icl(l
I’IOF,I amtnablc  Gate ArIays (f;l’GAs) an(i of analog hybrid tcchnolq,y  to space flight  multi-spcxtral
systms. A discussion ofthc clcdlcmic systcm  clcsi$l]  illustlatcs howa multi-  scnsol instlunlcllt
co~]sisti  I]~IofaI~lJV  C~C~lj,  twovisiblc  CC1)s,  and anear-ll  {focal ~>lal]c asscl~ll~ly  cat] [>cl~r-c)ccssccl
th[ouflha commonsct  ofclcctronics.  };c)llokvi[]~tllcsystcill  (icsigll(liscl]ssiotl,  thCaCtlla] clcct[c)[lic(lesi~tl
will bc. plcscntcd. llach miniaturi7c  Ci module will bc(iiscussd  as to functicmality  and pcrfomancc.  ‘1’hc
tcs~ setup for bench  chcckcmt ofa cooled (~CIJ and an 11< I;l’A, includins  results with bIcad-bead
clccttonics an(l with the ltybi ids arc also dcsciibd

1. IN’I’1<O1)ll(:’J’  ION”

'l`t]cl'laIlctal-y lIltcgl atc(l  C;a[l]cra-Sllectrolllctcr  (l’l(; S)] will cc)llcct i[-llagcs forllliIlcIalo~ical Illa]Jl>i]lgaIlCl
atmosphuic  composition studies CWCI a wide spcxtral rans,c of planda  Iy systems, 1’1(:S will alsc) conduct
CX]K’lilllCl)ts i]) SO]aICKXN!tati@ll  by t}lCatIll OS])} )CI”Cof  a P]c!itld ‘] ’hC})](;  s iIIStl  Lllll CI)t iSCOIll])OSd” Of fCN]r
channels: an UV channel covering 160 spectra] channds  (70-1 50 11111), a dual-CCl) visible imap,ing  system
(slmultancmsly  shLIt[crcd in two COIOI-S  300-500 nm and 500-1000 rim), and a near-l]< channd  covering
flom 1300 to 2.600 nm with a spcctlal  resolution of 5 nm.

2. IN S’I’R[JM  I:N’I’ A1’PI<(),4C1 I

“1’hc ncw ~lcncratim  of small planetary instrumcmts shall conform to mass and power limitations caused by
bud~tctary  constraints coupled with the lack of heavy launch vchidcs;  combining; inslmmcnt  functions
alons,  wi(l] innovaticm i n clcct[ onics clcsip,n  and packap,i ngg u’ill conserve limited spacecraft resources.

‘1’hc I’ICS instmmcnt  approach is to maximize the commonality between the diffmcnt channels; for
example, the visible CC1)S and 11< dctcctols sham a single lightweight, Illl]lti-lvavclc[l$tl),  off-axis
(irc~mian telescope and arc mountd  dilcctly on a single radiator. Also, the four channels ofthc  intcgrate(i
camera spcctlomctcr  sha[c one signal pmccssinf:  electronics which is fab[icatd  in a hybrid  module, the
clock drivers and bias for each CC]] channel and for the IR 11’I’A arc also provi(icd by (Icdicatd  hybrid
modules, “1’hc dif;ital  control an(i timin~ for all four channels is generated usin: a single  ftcl(i  progt-anlmablc
g’,atc ar[ay (I; J’GA).
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‘1’hc test sclup for bench checkout of the 1’ICS ddcctor-electronics shown in I;igurc  1, consists of CCI)--
and 11{ detectors, instmmcnt  electronics, a computer intcrfacc box, ancl  a I’C 486 computer with
customi  z.cd softwar-c.
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l;igurc 1. 1’1(;S detector-clcctlollics test Setup.

2. I)lC’I’I’:C’J’ORS

‘J’hc Short Wave lnfrard (SW]}{) channel of I’ICS is based on a 256 bv 256 Mcrculv  Cadmium ‘1’cllur’idc
(1 ]:?,(~d’1’c) photovo[taic  dio(ic array multiplexed (via lnclium bump bo;~cis)  into fo~]r”indc]>cllcicllt  quadrants

usit]~;  (Near 11< Camera and Mu]ti-~[JjcXt  Spectmggraph (NJCN40S  111)2’3 multiplcxcrs  fabricated by
Rockwell international Scicncc Center, ‘1’hc 11{ 11’1’A consists of a source-follower pcr detector (S1;l))
configuration and a common output  amplifier.
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‘1’llc  visible channel for 1’lCS is based on two front-side illuminated CCIJS fabricated by 1,oral, each CCD
ismadcof  1024 by2048clmlcmts.  l’t]cCCllol~tir]~izccl  fordc[ection  ir~tt~c  bll~cis  ll]r~liger~  coatc(i,

A C(;I) mounted on an ima~c intensifier for the UV channel is of the same type as that used in the visible
channel to simplify data acquisition ancl control electronics, it is constructed by the [Jnivcrsity of
Arizona, supper-tcd by the Johns I lopkins University Applied Physics I.aboratory.  “1’hc intensifier
consists of a single, microchanncl plate (MCP) for electron multiplication with a phosphor output to
convcrl the electron pulse into photons which arc then rccordcd with the CC]],

3. 1’;l.ltC1’RONICS SYSrl’ltM

I;ach CCIJ detector inducting the LJV-CCII, is interfaced with a dcdicatcd  Clock 11-ivefilias  hybric{
module; this hybrid modules provide the regulated bias voltages and clocks (lCVCI translation for serial and
i>arallcl  registers) ncccssary to operate the CCI) dctccto[s. ]ncluclcd in this Clock Ilrivc/llias  hybrid
mod(]lcs is a high speed/low-noise preamplifier sta~~c  which provicics offset an(i gain prior to fl]r[her signal
processing. ‘1’hc 11< Clock I)rivc/l]ias  hybrid module also contains a prcampliticr sta~c an(i a clamping
ci[-cui[ for removing the pc(iestal  which result flom the over clocking mo(ic in which the 11’PA is operated.
l’hcsc hyblid  modules al-c placed  in close proximity with their rcspcctivc detectors to minimiz.c  noise and
11N41 intcrfcrcncc

“1’hc prcamplificd  signals f[-om all four cictcctors al-c multiplexed intc)  onc signal chain fabricated in a hybrid
mod(.ilc. “1’hc signal  chain consists of an atmplificr,  a double-pole filter, and a buffer amplifrcr with offset
control that feeds the signal  from tbc selected channel into a low power S-bit flash A/l)  convcricr (the A/I)
convcr-tm is not includul  in a hyblid).  ‘1’his sis,nal chain hybrid module, has the capability of subtracting a
\rll)I{()  signal from a RllI~  signal, or just straight Vll)l  LO signal sampling, Only 8 bits digitization  are
nccdcd to rcducc data transfer size at the selected reaclout rate of 300 Kpixcls/scc.

l)ctcclor  timing  for all four channcis, arc gcncratcd  by an Actcl I’])(3A which is interfaced to an 1/0 boar(i
for (iata/conlnlands  tfansfcr  to and from the computer. “1’hc If{ I;J’A is operated by resetting the array and
sampling the pcdcsta] level of each dctcctm after the reset pulse has been rclcascd;  then, after integration,
the intcgatcct signal is sampled; finally after digitization the pedestal ICVC1 is subtr-acted from the
in[cp,r-atcd signal level for each pixc] ofthc 1}{ 10’A.

1 ntcyation  time (cxposu~-c  time) for al I four channels is commanded from the computer which performs
ima~,c  display, cnginmrin~l  evaluation and statistical analysis on (iata from the sclcctcd  channel.

‘1’hc noise pc]-formancc of the CC]) clctcctors has been mcasurcci  at 16 electrons rms using the breadboard
clcctl-onics,  and with no change with the l:} ’GA and hybrid modules. l’rcliminary 11{ channel tests have
been done with the NICMOS-3  multiplexer only (that is no 1 lgC(i’1’c  array) at 300 Kpixels/scc  and at a
tcmpcraturc of 7S K both with breadboard electronics and with the I;PGA ancl hybrid modules.

“1’hc total power consumption of the signal processing electronics hybrid rnodulcs  and the I; I’GA,
incltldinS  the A/l] convcrtcr is about 450 n~W, with a total cstimatc~l mass of 370 grams including the 1’(11
boal”ds,
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1. ldlc, in t~hich the c.ammas arc not taking or wading mposurc

2. ‘1’akc, all or any number of’ detectors may bc exposed

? Read, reads data from a sclcctcd  detector.. .
(mul(iplc channci  readouts arc (ionc sequentially)

4, Area array /f’ranlc transfer clockin~g

5. Ilctcctor  !lush.

6. 2x2 l’ixcl  summing

7. Window. readout of area of interest

l;uturc activities inclu(ic integration and evaluation of all four channds  with the optics and with the
radiator. l(iy]rc  2 SIIC)IVS  a pictu[c  ofthc hybri(l mmiulcs  and the I:l)GA, and fi~urc 3 is a sample picture
taken with the CC]) channel



.,.,

l“,.”

Image A  Image A.B I’alette  }unctkms
‘I

l;iy]re 4, Sample picture with CCII
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